L
IGATION of either the internal or the common carotid artery has long been used as a treatment of some intracranial aneurysms. 22,28 Much has been written about the perioperative morbidity of carotid ligation. Few authors have presented reports of the long-term complications following elective carotid ligation. Because of the potential risk of late complications, we undertook a follow-up study of all the patients treated at our institution who had undergone carotid artery ligation for the treatment of an intracranial aneurysm during the 20 years from 1960 through 1979.
Summary of Cases
We reviewed the operative records from the Department of Neurosurgery for the years from January, 1960, through December, 1979 , and found 55 patients who had a Selverstone clamp applied to their carotid artery as treatment of an intracranial aneurysm. Two additional patients had carotid ligations performed elsewhere, and were subsequently hospitalized at our institution for follow-up care. A recent series of patients who were treated with internal carotid artery (ICA) ligation and superficial temporal artery-middle cerebral artery bypass were excluded from the study. 2~
The hospital records for all 57 patients were obtained and reviewed. Attempts were made to contact each patient personally, and to evaluate their present neurological condition. Death certificates and, where available, autopsy reports were obtained for those patients who had died.
Nine of the 57 patients presented with symptoms of an intracranial mass lesion, and the rest of the patients presented with an acute subarachnoid hemorrhage (SAH). A Selverstone clamp was applied, and attempts at occlusion were made from 1 to 20 days after admission. The patients were closely monitored during the occlusion and immediately after. The clamp was opened at once whenever any neurological deficit was noted. carotid artery ligated for the 57 patients. Forty-three of the 57 patients were female. The patients' ages ranged from 23 to 71 years, with an average age of 46 years. Twenty-six clamps were placed on the ICA and 26 on the common carotid artery (CCA). Eighty percent of the aneurysms arose from the ICA. Table 2 outlines the hospital course of the 57 patients. Two patients died within 48 hours of hospitalization after placement of a Selverstone clamp, but before any attempt was made at occlusion, and were therefore excluded. Seven other patients died after attempted or completed occlusion of their carotid artery. This represents a 13% acute mortality, with 5% dying from massive infarction and 8% dying R. A. Roski, R. F. Spetzler and F. E. Nulsen from rebleed. Nine of the patients were discharged with significant hemiparesis representing an overall acute morbidity of 16%. The combined acute mortality and morbidity was 29%. Many of the patients in this series were in poor condition before any treatment was attempted. The high morbidity and mortality reflects the natural history of SAH, as well as complications from the treatment. Three patients did not tolerate carotid artery occlusion. Of these three, two subsequently had an intracranial operation as the only treatment and one was discharged without protection. Of the 45 patients who were discharged from the hospital with a carotid ligation, 24 underwent CCA ligation and 21 had ICA ligation. Table 3 summarizes the follow-up status of the 24 patients with CCA ligation. In three patients, no information past the time of discharge was obtainable. An incomplete follow-up review averaging 4.8 years was obtained on five patients. Complete follow-up review extending either to the death of the patient or through December, 1979, was obtained in 16 patients averaging 9.6 years. The range for the incomplete and complete follow-up review was 1 to 15 years. Of the three patients who died in the follow-up period, one died from gastrointestinal hemorrhage, one died from cancer, and one died from an SAH. An autopsy confirmed that the patient who died from the SAH died from rupture of the giant left ICA aneurysm for which he had undergone CCA ligation 4 years previously.
Operative Results

Follow-Up Period
The follow-up status of the 21 patients with ICA ligation is given in Table 3 . No information was obtained on three patients after discharge. An incomplete follow-up review averaging 12.3 years was obtained in three patients. Complete follow-up review extending either to the death of the patient or through December, 1979, was obtained on 15 patients for an average of 12.6 years. The range for the incomplete and complete follow-up groups was 2 to 19.5 years. Six patients died during the follow-up period at an average of 10 years after the time of discharge. Of the six patients who died, one died from metastatic cancer, one from emphysema, one from an SAH, one from amyotrophic lateral sclerosis, one from asthma, and one from a myocardial infarction.
Findings
In each of the ligation groups, three patients were unavailable for follow-up evaluation, therefore dropping the number of CCA ligation patients to 21 and ICA ligation patients to 18.
Five of the 21 CCA ligation patients developed significant late neurological symptoms (Table 4 ). All transient ischemic attacks (TIA's) and strokes were severe enough to require hospitalization. The symptoms in Cases 1, 2, and 5 were directly referrable to the side of the carotid ligation. One patient (Case 3) had a second SAH 2 years after she had had a CCA ligation for a right ICA aneurysm. Arteriography after her second SAH revealed bilateral ICA aneurysms and a basilar aneurysm. Although she developed transient right hemisphere symptoms during her hospitalization, it is impossible to tell which aneurysm had bled at the time of her second hemorrhage. She therefore underwent ligation of her right internal and external carotid arteries and has been free of symptoms for the past 8 years. Another patient (Case 4) had decreased vision in the ipsilateral eye secondary to direct compression from a giant ICA aneurysm. The patient progressed to complete monocular blindness 4 months after her CCA ligation. It was assumed that this was a result of continued compression. The eye remained blind until the patient's death from cancer 10 years later. Table 5 lists the late neurological symptoms that developed in five of the 18 patients with ICA ligation. The first patient (Case 6) died from an SAH 3 years after her initial surgery. She had an aneurysm arising from her right ICA which was thought clinically to have rebled, although no autopsy was performed to confirm this. The second patient (Case 7) had a contralateral stroke while in the hospital during her initial carotid ligation and subsequently had another stroke 3 years after discharge. In the last three patients, the TIA's and cerebrovascular accidents listed were severe enough to require hospitalization, and in all three cases corresponded to the side of the carotid ligation.
Discussion
Elective ligation of the carotid artery has long been used in the treatment of extracranial and intracranial carotid artery aneurysms. Varying statistics on the acute morbidity and mortality associated with carotid artery ligation have been reported? 9,~2,~e-~9,2~,~6, 27 Mount n reported a 13.8% mortality rate in a series of 65 patients. In the large series of 220 patients reported by Odom and Tindall, a4 34 developed ischemic complications, only 12 of whom made a complete recovery after the carotid artery was opened. The incidence of permanent neurological deficit or death was 9% in their series. Numerous techniques, such as the Matas' test, the measurement of carotid stump pressure, electroencephalographic monitoring, jugular venous blood sampling, angiographic findings, gradual occlusion, and cerebral blood flow measurements, have been proposed to help predict which patients can withstand permanent ligation. A recent series by Miller, et al.? ~ using the combination of measuring distal ICA pressures and regional cerebral blood flow, has improved patient selection. Even with good selection, however, 20% of patients will not tolerate acute ligation.
It has long been known that carotid artery ligation would decrease the pressure in the distal ICA, cause angiographic obliteration of some intracranial aneurysms, and decrease the chance of an aneurysm rebleeding? 4 However, it has not been proven to pro-R. A. Roski, R. F. Spetzler and F. E. Nulsen tect the patient from recurrent SAH. Norl6n and Olivecrona 13 reported a 10% to 15% incidence of death from recurrent hemorrhage in patients who had undergone carotid ligation. Winn, et al., 2~ demonstrated that CCA ligation did not provide protection from rebleeding in posterior communicating artery aneurysms 1 year following carotid ligation. In our group of patients, there was one fatal rebleed in each group. Although this procedure does not provide absolute protection, the incidence of fatal hemorrhage is considerably better than the figure (greater than 20%) reported by Winn, et al., ~5 for untreated aneurysms over a 10-year period.
Oldershaw and Voris 15,~1 reported on the potential late risks following ICA ligation. Two of their 21 patients developed a hemiparesis 1 and 13 years after ICA ligation. They calculated that the incidence of stroke in that series was 25 times that expected for the total population. Our findings support their concern about ICA ligation. There was a 16% incidence of TIA's and a 16.6% incidence of stroke in our group of patients with ICA ligation. In analyzing those patients (Table 5) , one patient (Case 10) had a single TIA without subsequent difficulty over 14 years, and one patient (Case 7) had a stroke on the side of the brain contralateral to her ligation. Two patients (Cases 8 and 9), however, had a TIA followed by a stroke on the same side as their ICA ligation. This 11.1% incidence of TIA and stroke correlates well with the incidence found by Voris. 2~ Overall, four of the 18 patients with ICA ligation had an ischemic complication during the follow-up period, for an incidence of 22.2%.
Three of the 21 patients with CCA ligation developed an ischemic complication during the follow-up period. One subsequently had a fatal SAH, one had a retinal artery occlusion, and one remains neurologically intact. There were no strokes in the group with CCA ligation, which contrasts significantly with the 16.6% incidence of stroke in the ICA ligation group.
Conclusions
Follow-up reviews were obtained on 21 patients with CCA ligation, for an average of 8.4 years after discharge from the hospital. Excluding death from unrelated causes, five patients developed significant neurological complications during the follow-up period (Table 6 ): 9.5% of the patients in this group had a TIA, one of which has remained an isolated event and one of which preceded subsequent fatal SAH; 9.5% had a subsequent SAH, with only one of the patients having had autopsy documentation to show that the treated aneurysm was the aneurysm that had rebted. One patient each developed late retinal artery occlusion and late progressive compression from a giant aneurysm. There were no late strokes in the CCA ligation group.
Follow-up reviews were obtained on 18 patients with ICA ligation, for an average of 12.5 years after the time of discharge. Excluding deaths from unrelated causes, five patients developed significant neurological complications during the follow-up period (Table 6 ): 16.6% of the patients had TIA which was directly referrable to the side of the carotid artery ligation. Two of these subsequently progressed to a stroke on that side, and one has remained free of symptoms for 14 years. The overall incidence of stroke in the group was 16.6%; however, one of the three patients had a stroke contralateral to the side of the carotid ligation. Only one patient in the group with ICA ligation had a subsequent fatal SAH (5%); however, no autopsy documentation is available to determine if the treated aneurysm had rebled.
